To determine the perinatal outcome in pregnancies with maternal hypoglycemia following a second trimester oral glucose challenge test (GCT).
INTRODUCTION
The association between maternal hyperglycemia in pregnancies with gestational diabetes and operative deliveries, fetal macrosomia, shoulder dystocia, polyhydramnios, fetal macrosomia, and poor neonatal outcomes is well known. [1] [2] [3] Maternal hyperglycemia has also been linked with the long-term consequences of obesity and diabetes in their offspring. 4, 5 Despite this known connection of elevated maternal glucose levels and neonatal outcome the relationship, if any, between low maternal glucose levels and neonatal outcome remains largely unknown. Maternal hypoglycemia has been reported to be linked with both intrauterine growth restriction and poor neonatal outcome, [6] [7] [8] [9] but the conflicting results [10] [11] [12] [13] [14] by other investigators and the small sample size of the women evaluated makes the findings indecisive. These studies were also carried out using a variety of screening methods and both oral and intravenous glucose loading. Additionally, risk factors for intrauterine growth restriction and gestational diabetes were coexistent in many of these pregnancies and may have influenced study results.
Currently most pregnancies are screened for maternal diabetes using a standard 50 g oral glucose challenge. 1, 15 Intravenous glucose challenge tests (GCTs) and 3-h oral GCT are only commenced under special circumstances or as a follow-up evaluation to a serum glucose level obtained 1 hour after a 50 g oral glucose load (GCT). A PubMed search of English language articles from 1966 to July 2003 using the keywords, ''50 g glucose challenge test, hypoglycemia, and gestational diabetes'' revealed no published articles. The incidence of and correlation with perinatal outcome of pregnancies with hypoglycemia following the 50 g GCT remains unknown. Since the 50 g glucose challenge is performed routinely in pregnancy, hypoglycemia following this screening test, if it were to correlate with perinatal outcome, would be valuable in identifying pregnancies at risk for an adverse event. The purpose of this investigation was to determine if pregnancies with hypoglycemia following a 50 g oral GCT were at risk for an adverse perinatal outcome.
MATERIALS AND METHODS
After approval from the Institutional Review Board, a retrospective case-control study was designed. Eligible patients were women aged 16 to 41 years who received prenatal care at Naval Hospital Camp Pendleton (NHCP) from January 2000 to May 2002 and had a 1-hour GCT performed between 24 and 28 weeks gestation. Camp Pendleton is a 123-bed community hospital that averages 120 to 160 deliveries a month. To be eligible for care, a woman has to be either on active duty or retired from the US Military (predominately US Marines or US Navy), married to an active duty/retired member, a dependent daughter, or a woman specifically designated by Congress to receive care. Women who had two or more distinct pregnancies during the specified time were treated as two separate cases. The Composite Health Care System (CHCS)/Clinicomp Information Services (CIS, Clinicomp, Lajolla, CA) clinical databases were searched for 1-hour GCT following a 50 g glucose load from January 2000 to May 2002. All women without known diabetes were screened for gestational diabetes with a 50 g GCT. Women with a history of GDM and/or a family history of diabetes or who were obese were screened early in their pregnancy; all others were tested at the 24 to 28 weeks prenatal visit with a 50 GCT. Tests were performed on either a Vitros Chemistry dry calorimetric based assay or a Synchron LX using a glucose reagent and timed end point method.
Hypoglycemia was defined, for this investigation, as a glucose level of <88 mg/dl, which was obtained 1 hour after a 50 g glucose load. 9 Women with a glucose level between 88 and 140 would be labeled as having a normal GCT and women with a value of >140 would then undergo a 3-hour oral glucose tolerance test (GTT). The prenatal records of all the patients whose 1-hour glucose on the GCT was 88 mg/dl or lower were reviewed. Exclusion criteria for both the studied population and the control population included twin gestation, GCT being drawn outside the prescribed window of 24 to 28 weeks gestation, women with confirmed gestational diabetes following a 3-hour oral GTT, women with documented type I or II diabetes, women undergoing multiple GCT in the same pregnancy (only one entry per pregnancy), and those with an elevated 1-hour glucose (greater than 140 mg/dl) after the 50 g glucose load was administered with no subsequent 3-hour GTT to document if gestational diabetes was present. Women with 50 g GCT values greater than 140 mg/dl, but normal 3-hour GTTs, were included in the control group. There were 404 cases initially reviewed. A total of 334 records were ultimately included in the study. The remaining 70 cases were excluded for a variety of reasons including that the test was drawn too early, patient became ineligible for care or moved, twin gestation, or delivery at a nonreferral hospital (three patients). These 334 pregnancies were matched with 334 randomly selected controls generated from the same database and with the same inclusion/exclusion criteria except for the 50 g GCT value being between 88 and 140 mg/dl.
The antenatal, intrapartum, postpartum, and neonatal records of participants in both groups were reviewed. In the event that the 1-hour GCT had been drawn and the patient did not deliver at NHCP, records were searched at our tertiary referral center, Naval Medical Center San Diego.
Simple descriptive statistics were used to describe the population. w 2 -and ANOVA analysis were used for categorical variables. Student's t-test was used to assess for differences in continuous variables. Finally, regression analysis assessed the contribution of variables to admission to the special/neonatal intensive care nursery and the risk of delivery before 36 weeks. The first model used delivery before 36 weeks as the dependent variable and maternal age, maternal hypertension, maternal smoking, infant sex, estimated gestational age, and a GTT value below 88 as the independent variables. The second model used admission to the special/neonatal intensive care nursery as the dependent variable and preterm delivery, maternal hypertension, maternal smoking, and a GTT value below 88 as the independent variables. A p-value of <0.05 was considered statistically significant.
RESULTS
This retrospective case-control study took place between January 2000 and May 2002. During the 29 months of this investigation there were 3934 deliveries at the Naval Hospital, Camp Pendleton. Only three patients delivered at other hospitals and they were not included in this analysis because they were in the excluded group. The maternal demographics of age, parity, weight gain in pregnancy, and tobacco use during pregnancy were similar between groups (Table 1) . There was an increase in the number of women with pregnancy-induced hypertension 24/334 (7.2%) compared with the control group 13/334 (3.9%, p<0.06), but this result was not significant. The delivery rates are shown in Table 2 . The number of patients delivering prior to 36 completed weeks of gestation secondary to preterm labor in the hypoglycemia group 24/334 (7.2%) was greater than that in the control group 13/334 (3.9%), but was not significantly different (p ¼ 0.06). Once hypertension and tobacco use were controlled for with regression analysis, the trend towards preterm delivery disappeared (Table 3 .) In order to detect a difference in this category, we would need a more powerful study with 400 subjects in each group.
The reasons for admission to labor and delivery, mode of delivery, neonatal birth weight, number of neonates weighing <2500 g and/or <1500 g, and with 1-or 5-minute Apgar scores <7 was not different between groups (Table 2 ). There was a significant difference between SCN/NICU admissions: 48/334 (14.3%) in the hypoglycemic group versus 29/334 (8.7%) in the control group (p<0.02). The difference remained after controlling for maternal hypertension, tobacco use, and preterm delivery (Table 4 ) (p ¼ 0.037). The specific reasons for neonatal admissions were similar in the two groups (Table 5) , although the number of neonates admitted for any specific indication was greater in the hypoglycemic group for most of the neonatal admission diagnosis. Only one fetal death occurred in the hypoglycemic group secondary to hydrops fetalis. The patient presented to labor and delivery with an intrauterine fetal demise and fetal hydrops of unknown etiology.
Significance
The significance of relative maternal hypoglycemia during pregnancy remains unknown. Although some investigations have associated low glucose levels following a maternal glucose load with adverse pregnancy outcomes, several confounding variables such as the utilization of a variety of methods to administer the glucose, the differences in the amount of glucose used in the GCT, and the failure to account for confounding variables leaves the conclusions of these studies indecisive. [6] [7] [8] [9] 13, 14 In the current study, hypoglycemia following a 1-hour GCT increased the risk of SCN/ NICU admission compared with controls. The increased SCN/NICU admission risk remains when the pregnancies with confounding variables such as hypertension, tobacco use, and preterm delivery are taken into consideration.
The reason for admission to the nursery between neonates of mothers with low values on a GCT and control mothers was not statistically significant for each individual diagnosis but there were significantly more overall admissions. Few studies have looked at this as an outcome of maternal hypoglycemia. One study that did mention NICU admissions did not show a significant difference between hypoglycemic mothers and controls; however, there was a total of only nine NICU admissions in the study so it would lack the power to detect most differences. 7 We used a broader definition of neonatal outcome to include special care or intermediate nursery admission in addition to NICU admission. The bulk of these admissions were for either ruling out sepsis or respiratory distress. The reason for the increased admission rate is unclear.
Patients with low values on a GCT may have either a lower baseline blood sugar level, a hyperactive insulin response or their dietary intake from either food type or meal spacing may foster lower blood sugar levels. Maternal glucose is 15 to 20% higher than fetal levels. 16 One possible cause of increased admissions could be neonatal hypoglycemia. Neonatal hypoglycemia can cause irritability, apnea, and tachypnea, 17, 18 which could be interpreted as either respiratory distress or sepsis. Although infants who are born to mothers with gestational diabetes, and are large for gestational age, or small for gestational age have their blood sugars routinely screened, others do not, and if these infants had abnormal blood sugars it could be presenting as respiratory distress or sepsis.
The reasons for the increased admission rate will have to await further studies with a larger sample size to determine if this finding persists and to assist in the identification of the factor and/or factors that may have increased this rate. It does appear from this investigation that the increased number of admissions is significant and valid and needs further assessment, including measuring neonatal glucose levels.
In an investigation by Abell et al 9 involving 5000 patients with hypoglycemia defined at 88 mg/dl following a 50 g 3-hour glucose test, babies small for gestational age occurred in 13.5% of hypoglycemic pregnancies versus 7.5% of normal pregnancies. Other studies have shown a correlation with maternal hypoglycemia and SGA infants once maternal hypertension is controlled. 7, 8 In a study of pregnancies at risk for GDM, women were screened with an intravenous GTT, 6 the critical value of a fasting glucose of <64 mg/dl and a 1-hour <82 mg/dl had a 100% sensitivity, but a specificity of 85% and 55%, respectively, in the detection of SGA infants. In this study, the value of 126 mg/dl of glucose would have been necessary to have a sensitivity of 100% for detecting SGA neonates. We did not find any significant association between hypoglycemia and birth weight, low birth weight infants, and very low birth weight infants although a trend was present and our sample size may have been too small to detect any significant differences.
A possible limitation of our study may be that an ascertainment bias might have existed in this study based on the method of patient selection. However, this seems unlikely given the method of chart review. Once patients were included in the study, they were subjected to the same criteria for diagnosis of hypertension, preterm labor, other antepartum and intrapartum complications, and neonatal outcomes. Likewise, a detection bias is unlikely given that the hypoglycemic value was ignored clinically and not commented on in the chart.
In our investigation we observed that maternal hypoglycemia following a 1-hour oral GCT is associated with an increased special care/neonatal intensive care nursery admission. Additional investigations assessing the correlation of maternal hypoglycemia are needed to further define the role of maternal hypoglycemia in pregnancy outcome. 
